Introduction
It is all too evident that today, men and women do things differently, and this has probably been the case throughout the evolution of our species. The different roles and behaviours of males and females in past societies are of great interest to a wide constituency of historians, archaeologists, sociologists, and anthropologists, and as well as their own traditional disciplines, genetics has something to offer in illuminating these matters. In addition, there is another discipline that cares a lot about male-specific behaviour: this is forensic science, and in particular forensic genetics. The great majority of violent crimes are committed by men, and therefore analysis of Y-chromosomal DNA is potentially useful in many cases (Jobling et al. 1997) . If past male-specific behaviours have had the effect of reducing Y-chromosome diversity in some populations, then this has important implications for how we interpret Y-chromosome profiles in connection with crimes.
In this review, we focus on past male-specific expansions and their influences on current patterns of diversity. We start with some general considerations about the Y chromosome and how expansions might be recognised and then review the literature that is based on short-tandem repeat (STR) variation, before surveying more recent work based on resequencing of Y chromosomes.
The Y chromosome as a tool for investigating the demographic history of males
The male-specific region of the Y chromosome (MSY) is passed from father to son without the reshuffling effects of crossing-over. A consequence of this is that all modern MSYs coalesce back to one ancestral sequence at some point in the past. The carrier of this sequence is Abstract Males and females display biological differences that lead to a higher variance of offspring number in males, and this is frequently exacerbated in human societies by mating practices, and possibly by past socio-cultural circumstances. This implies that the genetic record might contain the imprint of past male-mediated expansions, which can be investigated by analysing the male-specific region of the Y chromosome (MSY). Here, we review studies that have used MSY data to infer such expansions. Sets of short-tandem repeats define haplotypes of very low average frequencies, but in a few cases, high-frequency haplotypes are observed, forming the core of descent clusters. Estimates of the ages of such clusters, together with geographical information, have been used to propose powerful historical founders, including Genghis Khan, although without direct supporting evidence. Resequencing of multi-megabase segments of MSY has allowed the construction of detailed phylogenies in which branch lengths are proportional to time, leading to the identification of lineage expansions in the last few millennia as well as the more distant past. Comparisons with maternallyinherited mitochondrial DNA sequence data allow the male specificity of some of these expansions to be demonstrated. These include expansions in Europe in the last ~5000 years that may be associated with a cultural shift during the Bronze Age, as well as expansions elsewhere in the world for which explanations from archaeological evidence are not yet clear.
sometimes referred to as 'Y-chromosomal Adam' (Gibbons 1997) , by analogy with his matrilineal counterpart, mitochondrial Eve (Lewin 1987) . Apart from its religiocultural specificity, this name is unfortunate, because the Biblical account suggests that the male population has expanded to its current census size of 3.75 billion from one lonely individual. In fact, this Adam, who is estimated from MSY sequence data to have lived around 254,000 (95% CI 192-307) years ago (KYA), was one of a population of males, of uncertain size, but probably at least three orders of magnitude larger (Wilder et al. 2004) .
Biological differences between the sexes, including reproductive lifespan and degree of investment in offspring, suggest that variance in offspring number is likely to be higher for males than for females. Observations of different current human populations generally confirm this (Brown et al. 2009) , with the corollary that the effective population size of females is higher than that of males. The ratio of male-to-female reproductive variance varies considerably between populations (from <1 to >4), with the major determinant being the nature of mating practices: higher variances are generally observed in populations practicing polygyny (males having multiple mates at one time) or serial monogamy (males and females having several mates sequentially), rather than monogamy (a single lifetime mate for both males and females).
These considerations suggest that male-mediated expansions might have occurred in human history associated with social or economic circumstances in which the reproductive success of a subset of males in a population was particularly high. For such expansions to be recognisable in modern MSY distributions, it might be expected that differential reproductive success was transmitted over several generations, so that the sons of successful males were themselves also successful. Such phenomena would also be expected to have particularly significant effects when population sizes were generally small.
To recognise male-specific expansions from genetic data, it is necessary to identify some default expectation or general pattern as a comparator. Ideally, this should involve coalescent or forward simulations of population genetic parameters for differently-inherited components of the genome (Wilson Sayres et al. 2014) , and then a comparison of real data to these simulated data (Webster and Wilson Sayres 2016) . Under simple neutral expectations, MSY diversity is expected to be one quarter of that of autosomal loci, and similar to that of mtDNA (Caballero 1995) . Comparisons with mtDNA are expected to show the most divergent patterns, since this locus is maternally inherited, but comparisons with X chromosomes (e.g., Maisano Delser et al. 2017) (inherited twice as often from mothers as from fathers) or autosomes (equally biparentally inherited) could also be informative (Wilson Sayres et al. 2014) . However, in practice, proposals of male-specific expansions have often been based on surveys of MSY diversity in a set of samples, and identification of an unusual pattern in a particular population(s) compared to the majority (Zerjal et al. 2003) . In all these comparisons, there is an inherent assumption that successful MSY lineages succeed because of social or cultural selection (Chiaroni et al. 2009; Creanza and Feldman 2016) , rather than positive natural selection. This seems reasonable: the role of purifying selection on MSY genes has been quite well established by comparisons of primate MSY gene content (Hughes et al. 2012) , frequency analysis of potentially damaging genic variants (Hallast et al. 2015; Poznik et al. 2016; Rozen et al. 2009; Scozzari et al. 2014) , and simulation approaches (Wilson Sayres et al. 2014 ), but no evidence has yet been presented for natural selection favouring particular MSY lineages.
Inferences about male lineage expansions from Y-STR analysis
While most early population studies of Y-STRs focused on their forensic informativeness (de Knijff et al. 1997) , one demographic modelling study (Pritchard et al. 1999) analysed global samples with eight Y-STRs and noted that a period of recent population growth fitted observed data far better than a constant-sized population model with no growth, pointing to the importance of recent Y-chromosomal expansions.
When a set of 10-20 polymorphic Y-STRs is analysed in populations of males, most haplotypes are unique within a sample of >100 individuals (Alves et al. 2003) , a property that makes such markers forensically useful. Consequently, when a particular haplotype is observed at high frequency in population samples, this attracts attention and becomes the focus of investigation. In practice, a frequent core haplotype is generally accompanied by a set of closely related haplotypes that may have arisen from it via mutation, constituting a feature referred to as a 'star cluster' (Zerjal et al. 2003) , or 'descent cluster' (King and Jobling 2009) . Such a cluster is assumed to result from a lineage-specific expansion at some point in the past (Balaresque et al. 2015) . Consistent with descent from a recent common ancestor, haplotypes comprising a given cluster generally belong to a particular Y-SNP (single-nucleotide polymorphism)-defined haplogroup. Consideration of the total number of mutational steps encompassed by such clusters and the frequencies of constituent 1 3
haplotypes, together with Y-STR mutation rate estimates and a single-step mutational model, can allow the time to most recent common ancestor (TMRCA) to be estimated. Cluster-based approaches, by their very nature, tend to be focused on lineage-specific expansions, rather than male-mediated expansions that affected an entire past population.
Three descent clusters have been studied in detail and, in each case, a powerful historical man suggested as its source; phylogenetic network analyses enable a graphical representation of the clusters and their relationships with other lineages in the respective populations (Fig. 1) , and also illustrate the point that the discriminating power of forensic Y-STR analysis in cluster-containing populations is compromised.
The 'Khan' cluster
In a study using 16 Y-STRs to assess MSY diversity in 2123 Asian males (Zerjal et al. 2003) , >90% of haplotypes were of very low frequency, but one haplotype and its close mutational neighbours (within the Y-SNPdefined haplogroup C[xC3c], also known as C [xC-M48] ) were present at a combined frequency of ~8% in the sample. This 'star cluster' (Fig. 1a) was notable not only because of its high frequency, but also because of its wide geographical range, in populations from the Caspian Sea to the Pacific. Three features suggested that expansion of this lineage might have been due to Genghis Khan and his descendants: first, the geographical distribution of the cluster coincided well with the historically recorded range of Khan's empire; second, the population carrying the highest frequency of star cluster haplotypes, which may, therefore, reflect the geographical origin of the expansion, was Mongolia, consistent with the focus of Khan's Mongol empire; and third, the TMRCA of the cluster was estimated as ~860-1000 years (depending on the method used), with 95% confidence intervals of ~600-1300 years, compatible with an origin in the lifetime of Genghis Khan (c. 1162-1227). The haplogroup within which the star cluster lies has been somewhat refined more recently (Abilev et al. 2012 ) to hg C3(xC3a-f), using the nomenclature of (Karafet et al. 2008 ).
The 'Manchu' cluster
A second study of Asian MSY diversity (Xue et al. 2005) surveyed 1003 males using 15 Y-STRs, identifying a frequent haplotype cluster (Fig. 1b) within haplogroup (hg) C-M48 (also known as C3c (Karafet et al. 2008) ) constituting ~3% of the sample and present in seven populations (Xibe, Outer Mongolians, Inner Mongolians, Ewenki, Oroqen, Manchu and Hezhe). All of these reside in Mongolia or NE China, with the exception of the western Chinese Xibe who migrated from the north-east of the country ~250 years ago. In this case, increasing the number of STRs from 15 to 61 allowed the boundary of the cluster to be defined more clearly (Fig. 1b) and excluded some haplotypes that were previously included at lower Y-STR resolution. The TMRCA of the cluster was estimated as 590 ± 340 years, and it was reasoned that it probably had its origin in the Manchu conquest of China and the establishment of the Qing dynasty. This dynasty was founded by descendants of the historical figure Giocangga, who died in 1582, and its nobility were highly privileged, with access to many concubines that may have allowed the associated MSY type to expand within a limited number of Asian populations.
The 'Uí Néill' cluster
In the final example, a sample of 796 Irish males was surveyed using SNPs and a set of 17 Y-STRs (Moore et al. 2006) . More than 85% of the MSY haplotypes belonged to hg R1b-M269, but within this haplogroup, one Y-STR haplotype stood out as being particularly common in the northwest of Ireland, forming the core of a starlike cluster (Fig. 1c) comprising ~21% of the haplotypes in the region, and with a TMRCA of 1010 ± 390 years. Together with historical information supporting the existence of patrilineal, polygynous social structures in medieval Ireland, a link was made between this cluster and the Uí Néill, a powerful Irish medieval royal lineage allegedly descending from Niall of the Nine Hostages, a possibly mythological fifthcentury warlord. The significant over-representation of the cluster haplotypes among men bearing surnames thought to descend from the Uí Néill lineage was taken to support the connection.
These claimed links to powerful historical patriarchs have strong cultural resonance, as attested by the offer of Genghis Khan or Niall of the Nine Hostages DNA tests that have been offered by direct-to-consumer testing companies. However, the three studies described above provide no definitive proof that the expansions they identify are linked to their claimed historical origins, but instead a range of circumstantial evidence. Sequences from attested living descendants, or from ancient DNA extracted from attested remains, have not yet been obtained. Ancient DNA data (Lkhagvasuren et al. 2016 ) from remains in high-status Mongolian graves dated to 1130-1250 CE revealed MSY lineages belonging to hg R1b, rather than hg C: there are a number of explanations for such findings, but taken at face value, they do not support the Genghis Khan hypothesis for the origin of the widespread Asian expansion lineage (Zerjal et al. 2003) . Following on from the identification of the two Asian descent clusters described above (Xue et al. 2005; Zerjal et al. 2003 ), a larger survey was undertaken of 5321 males from 127 Asian populations, based on 8 Y-STRs, to ask if further examples of Asian male expansion lineages could be found (Balaresque et al. 2015) . This exercise identified 11 clusters, each within a particular haplogroup, including the two cases identified previously (Xue et al. 2005; Zerjal et al. 2003) . Historical founders were not proposed for the additional descent clusters, but an analysis of the ages and population distributions of the expansion lineages suggested that the younger examples were over-represented among Altaic-speaking pastoral nomadic populations, perhaps reflecting a socio-economic shift towards patrilineal descent rules that led to a cultural transmission of reproductive success. This study, and by extension the previous case studies ( Moore et al. 2006; Xue et al. 2005; Zerjal et al. 2003) , has been challenged by a coalescent-simulation-based approach (Guillot and Cox 2015) showing that frequent Y-STR lineages could appear by chance without the need for transmitted reproductive success. Such lineages were, therefore, claimed to be not unusual. Although this coalescent study did not take account of the population distributions of simulated lineages, it does underline the need to test observed patterns against neutral expectations as far as is possible.
These various studies, together with others, suggest some general observations about the use of Y-STR haplotypes to infer past male-mediated expansions: (1) given the high rates of mutation of Y-STRs (typically ~0.1% per STR per generation) (Gusmão et al. 2005) , the power of STRbased haplotypes to identify past expansions has a limited time window, and they are most suited to detecting the consequences of events in the last few millennia; (2) small numbers of Y-STRs (≤10) are unlikely to define descent clusters clearly against a background of more distantly related haplotypes, so larger numbers (>15) are advisable, as is illustrated by the case of the Manchu cluster (Xue et al. 2005) (Fig. 1b) ; (3) criteria for defining haplotype membership of descent clusters vary from study to study (Balaresque et al. 2015; Moore et al. 2006; Xue et al. 2005; Zerjal et al. 2003) , and some consistent objective standards would be helpful; (4) use of simulations to assess the significance of findings (Guillot and Cox 2015) is a good idea and might also be helpful in establishing cluster definitions; (5) TMRCA estimates are uncertain, due to different methods of estimation, and more importantly, widely differing mutation rates between studies: there is a three-fold difference between the slow 'evolutionary' rate of Y-STR mutation , and the rate established in father-son pairs (Gusmão et al. 2005) , though comparisons with MSY resequencing data suggest the latter rate is more accurate for lineages with TMRCAs up to a few thousand years (Hallast et al. 2015) ; and (6) access to aDNA data to calibrate mutation rates or identify putative founders of modern expansion lineages may be limited, given that fragment sizes needed to type Y-STRs are generally >100 bp.
In the discussion above, we have focused on studies that identified high-frequency haplotypes and sought to explain their origins. However, there are many other studies that use Y-STRs together with Y-SNPs to analyse population samples, and observe portions of STR networks that are more star-like than others, albeit lacking descent clusters of the kinds represented in Fig. 1 . Some of these studies have inferred male-mediated expansions from such data. An example is the observation of a star-like network structure within the young (~6 KYA) hg E-M180 among Bantuspeaking farming populations of sub-Saharan Africa (Berniell- Lee et al. 2009 ). This is probably related to the spread of agriculture and the emergence of iron technologies associated with the so-called 'Bantu expansion', and the fact that mtDNA lineages in the same populations are predominantly much more ancient suggests a male-mediated demographic process underlying the cultural transition. We will not review the extensive Y-STR-based literature here, because resequencing approaches, which we discuss below, are now providing the best insights into these population phenomena.
Inferences based on resequencing of Y chromosomes
Prior to the introduction of next-generation sequencing (NGS) technologies, STR-based analysis was the only approach that could provide evidence of past expansions of MSY lineages. Slowly mutating markers (mostly SNPs) were available (Karafet et al. 2008 ), but in small numbers and subject to strong ascertainment bias. The field was transformed when an unbiased picture of MSY sequences became available through the introduction of NGS: the rapid decrease in cost and increase in output stimulated a burst of studies (Batini et al. 2015; Francalacci et al. 2013; Hallast et al. 2015; Karmin et al. 2015; Lippold et al. 2014; Poznik et al. 2013 Poznik et al. , 2016 Scozzari et al. 2014; Wei et al. 2013; Yan et al. 2014 ) which could be classed as a dramatic expansion itself if these were considered as evolutionary units.
As with Y-STRs, detecting an expansion using MSY sequence data relies heavily on reconstructing a phylogeny, investigating its overall topology and suggesting explanations for the relative lengths of internal and external branches. The advantages of using single-nucleotide variants rather than STRs are several: unbiased ascertainment of thousands of SNPs [more than 60,000 have now been reported ] allows the reconstruction of unbiased phylogenies with branch lengths expected to be proportional to time; the lower probability of recurrent mutation makes this reconstruction robust, and the slower mutation rate allows the detection of both recent and more ancient events. Thus, NGS-based analysis offers not only the possibility of accurately mapping the structure of MSY clades, with the potential to detect star-like expansion features, but also provides a new temporal depth to the inference of the Y-chromosome evolutionary history.
The higher molecular resolution, together with the possibility of dating ancient events, has provided a much deeper insight into the structure of the Y chromosome evolutionary tree and the demographic dynamics behind it. Leaving aside the implications of these results for deep-rooting lineages and phylogeographic inference, we focus here on evidence of demographic expansions in the distant and recent past. We divide the latest results into early world-wide processes and more recent regional events.
Early expansion after the out of Africa migration
General agreement has largely been reached on the origin of our species ~200 KYA in sub-Saharan Africa (Jobling et al. 2014 ), but the number and direction of routes of dispersal outside the continent, towards Asia and Europe, are still somewhat a matter of debate (Nielsen et al. 2017) . Deep sequencing of ~10 Mb of MSY, representing its uniquely mappable regions (Poznik et al. 2013) , not only confirms the sub-Saharan African origin of MSY diversity, but also supports an early demographic expansion 10-20 KYA after the exit from Africa. In fact, when reconstructing MSY phylogenies, different studies report a sudden ramification of the clades F-R (Fig. 2a) , which is represented by many short internal branches giving rise to several major clades in a short amount of time (Hallast et al. 2015; Karmin et al. 2015; Poznik et al. 2013; Poznik et al. 2016; Wei et al. 2013 ). This explosion of lineages is dated at around ~50 KYA by most studies (discrepancies between studies are explained by differences in the mutation rates chosen for calibration). The inference of expansion is based on the high concentration of coalescence events at a certain depth of a tree that contains many haplotypes deriving from many different populations, and in some cases, additional haplotypes chosen in a biased manner (Hallast et al. 2015; Poznik et al. 2013; Wei et al. 2013) , so it does not necessarily mirror population dynamics. However, when a population approach is applied to macro-regions in a world-wide context (Fig. 2b) , all groups show an increase of effective population size at ~50 KYA in agreement with the tree .
While it seems clear from MSY data that an expansion occurred early after the Out of Africa migration, this does not imply that the process was male-mediated. Nonetheless, comparison with mitochondrial DNA (mtDNA) does suggest sex-biased behaviours during this period, since female effective population size at 50 KYA is about four times larger than that of males, and mtDNA shows signs of expansion at least 10 KY earlier than MSY . However, lack of independent sources of evidence for this period make questions on the social structure of early Homo sapiens communities currently difficult to address further.
Regional recent expansions
Recent regional demographic processes can, by contrast, be considered in the wider context of evidence from other disciplines, and signals of expansion detected from genetic data can be compared with knowledge on population migration and social structure inferred from archaeological and linguistic information.
One example comes from the calibration of the phylogenetic tree obtained from low-coverage MSY sequence data from ~1200 Sardinian men (Francalacci et al. 2013 ). While mtDNA data have shown that the most frequent Sardinian lineages (including hg H) are common in the rest of Europe (Pardo et al. 2012) , the spectrum of MSY lineages is very distinctive. The high frequency (~40%) of hg I2a1a1, rare elsewhere (Rootsi et al. 2004) , and its shallow phylogenetic topology as demonstrated by NGS data (Francalacci et al. 2013 ) have been taken as evidence that this lineage arrived with the initial colonisation of the island ~7.7 KYA, and subsequently expanded locally with other lineages during the Late Neolithic and later periods of cultural innovation.
The mechanisms of spread of cultural innovations over wider geographical areas have been the cause of considerable debate. Classic examples of this are the spread of agriculture in Europe during the Neolithic period (beginning ~10 KYA), and the diffusion of cultural innovations and languages in sub-Saharan Africa during the 'Bantu expansion' (beginning ~5 KYA), mentioned above. In both cases, the debated issue is whether these diffusions were mediated by populations migrating to new territories and replacing previous inhabitants (demic diffusion), or by technological innovations spreading without the movement of people (cultural diffusion). This is a topic that could form the subject of a whole review itself (Jobling et al. 2014) , and the answer is probably something in between (Pinhasi et al. 2012) , but thanks to NGS data, the debate has taken unexpected turns.
Initial interpretations of limited Y-STR and Y-SNP data in Europe favoured a Palaeolithic origin for most of the major lineages (Semino et al. 2000) , and the star-like pattern of Y-STR variation within the most frequent European MSY clade, hg R1b-M269, was initially interpreted as the result of Neolithic expansion (Balaresque et al. 2010) . NGS data have demonstrated that this expansion is even more recent (Batini et al. 2015; Poznik et al. 2016) . One study based on the resequencing of 3.7 Mb of MSY (Batini et al. 2015) , has shown that three of the most frequent haplogroups (I1, R1a, and R1b) show shallow star-like phylogenies and recent TMRCAs (3-7 KYA). The most frequent, hg R1b-M269, shows a remarkable star-like structure that includes 44 sequences descending from a single node. Of the 17 individual populations included in this study, 13 showed strikingly similar demographic histories characterised by an expansion dated at 2-4 KYA (Batini et al. 2015) . Taking into account the much earlier Palaeolithic growth observed in histories inferred from mtDNA variation (Batini et al. in preparation; Lippold et al. 2014) , these expansions are best explained by a male-specific behaviour which allowed a few MSY lineages to increase greatly in frequency, and diversity, in a short time. This may have been associated with technological advances in the Bronze Age: genomewide aDNA evidence Haak et al. 2015) has suggested a massive migration from the Eurasian Steppe during this period, associated with the spread of the Yamnaya culture, and the dispersal of hg R1b-M269 (Cassidy et al. 2015) , and the male-bias of steppe migration is supported by modelling of X-chromosomal versus autosomal aDNA data (Goldberg et al. 2017) . However, the Western European R1b expansion sub-lineages are not observed in ancient Yamnaya haplotypes obtained to date (Balanovsky et al. 2017) , highlighting the incompleteness of our current understanding of expansions during the Bronze Age.
A slightly different picture is presented by African lineages, and specifically by hg E1b-M2, previously suggested to have spread during the expansion of Bantu-speaking populations (Berniell-Lee et al. 2009) . No NGS-based study has yet focused on the internal structure of this clade, but the topology resulting from the few individuals analysed in more general phylogenetic reconstructions suggests interesting differences with the topology of hg R1b-M269. Both clades are shallow, but hg E1b-M2 appears notably less starlike, perhaps indicating an expansion from a group with a bigger effective population size (Wei et al. 2013 ). This more complex structure is confirmed by inspection of phylogenies in later studies (Hallast et al. 2015; Poznik et al. 2013; Trombetta et al. 2015) and shows a deeper coalescence (Hallast et al. 2015; Trombetta et al. 2015) . Understanding the implications of these results for the initial movements of Bantu-speaking populations will have to await a dedicated larger-scale study, with a sampling strategy aimed at analysing the history of populations, rather than lineages.
Finally, the first world-wide approach to the detection of regional expansions has been applied recently through an analysis of MSY data in the 1000 Genomes Project samples ). Clades showing signals of possible expansion were first identified by examining their topologies, as done in previous studies. Instead of employing Bayesian skyline plots to trace the history of effective population size (Fig. 2b) , a modelling approach was used to further investigate these potential localised bursts in the male demographic history. This considers two phases of diversification-a rapid expansion followed by moderate growth. Results were presented for eight clades, representing five world-wide macro-regions, and interpreted in the light of historical information . The expansion observed within hg Q1a-M3 in the Americas at ~15 KYA was taken as a validation of the method and the temporal calibration used, since it corresponded well with archaeological evidence for the initial colonisation of the New World (Raghavan et al. 2015) . More recent expansions were inferred in the other regions: in Europe, hg R1b-L11 shows signals of rapid diversification dated to ~5 KYA, in agreement with previous studies (Batini et al. 2015) . Inference of an expansion in sub-Saharan Africa was only indirect before this analysis, but here, two lineages within hg E1b-M180 were shown to expand at ~5 KYA; it is possible that the expansion pre-dates the Bantu migration, since some of the expansion haplotypes were observed in non-Bantu-speaking populations. Finally, three clades were suggested to be affected by rapid demographic growth in South Asia at 5-6 KYA (hgs H1-M52, L-M11 and R1a-Z93), as well as two hg O sub-haplogroups (hgs O2b-M176 and O3-M122) in East Asia at ~4 and ~8 KYA, respectively. It is difficult to relate these changes to events in the archaeological record, but interesting to observe a parallel between different continents in post-Neolithic expansion. This is consistent with the population-based approach, as illustrated in Fig. 2b , where all macro-regions analysed show a bottleneck starting ~10 KYA followed by an expansion from ~5-6 KYA, possibly caused by a cultural or technological change that is currently poorly understood.
Perspectives
The generation of phylogenies from NGS data, and availability of comparative data from other parts of the genome, is already revolutionising our understanding of the past roles of sex-biased behaviour, and of male-mediated expansions in particular. These data will continue to accumulate, and provided that the same regions of the MSY are included in emerging studies, they should be able to be combined into trees containing very large numbers of MSY sequences from a widening range of populations. Some geographical regions are currently understudied, and this includes some populations, from Central Asia and the Middle East, for example, that might be expected to show strong signatures of polygyny and patrilineal descent rules. With larger sample sizes, it should be possible to identify past population-based processes affecting multiple lineages, as well as lineage-specific expansions.
There is still some disagreement about the choice of the most appropriate Y-SNP mutation rate for calibrating phylogenies, and this affects interpretations of the TMRCAs of expansions. Rates have been proposed from direct resequencing data in father-son pairs (Helgason et al. 2015) , from times of colonisation of particular regions from archaeological data (Francalacci et al. 2013; Poznik et al. 2013) , and from MSY sequencing of well-dated ancient remains (Fu et al. 2014) . Although the confidence intervals of these estimates overlap, it would help the field if a consensus were to emerge.
In inferring past expansions from MSY sequences, ancient DNA data could be helpful by demonstrating the past geographical ranges, frequencies, and diversities of lineages. Current ancient MSY data are limited (Kivisild 2017) , but are expected to accumulate, albeit with a bias towards regions in which conditions allow good DNA preservation. Investigation of the Bantu expansion from ancient DNA data, for example, will be challenging.
As noted above, recovering Y-STR alleles from ancient samples is often not possible, but the mass of modern Y-STR data will surely continue to grow, through the efforts of forensic geneticists and amateur genetic genealogists, with their allies the direct-to-consumer DNA testing companies. The number of Y-STRs now available, thanks to MSY resequencing efforts, is several hundred , and these include so-called rapidly-mutating STRs that promise to provide exquisite resolution to the dissection of descent clusters (Ballantyne et al. 2010 (Ballantyne et al. , 2012 . Linking highly-resolving Y-STR haplotypes systematically to MSY sequences will in turn provide insights into the relative diversities and mutation rates of these systems, as has been attempted already on a limited scale (Hallast et al. 2015) .
Given the enormous quantity of DNA data that promises to emerge over the next decade, much will certainly be learned about male-mediated expansions: the future is expanding.
